Abstract: This paper describes the findings of the experimental works undertaken to investigate the performance of zinc-rich paint (ZRP) to 6 provide cathodic protection to chloride-contaminated RC structures. The program of experimental works was designed and conducted to 7 assess four principal properties, viz (1) conductivity, (2) adhesion with concrete (short term and long term), (3) durability, and (4) electro-8 chemical polarization. These properties considered together define the ability and effectiveness of the materials to act as an anode for 9 impressed current cathodic protection. The research findings indicated that a specific proprietary ZRP product showed that optimum con-10 ductance was obtained with three coats producing a 280-320 μm thickness, with good adhesion to the concrete substrate, in which values 11 obtained ranged between 1.65 and 3.5 MPa with and without applied current. It was capable of withstanding/supporting high levels of current, 12 i.e., more than 300 mA=m 2 , and the service life of the ZRP coating was estimated to be well in excess of 20 years at an applied current density 13 of 10 mA=m 2 .
less than adequate to provide full protection to atmospherically ex-28 posed RC structures in the long term (Covino et al. 2002) . Sagüés 29 and Powers (1996) reported that the absence of direct wetting of the 2005 (Covino et al. 2002; Bullard et al. 2009 ).
44
There is ample literature on the theoretical basis of the subject 45 and the applications of TS zinc anodes in various forms (Kepler 46 et al. 2000) . For the CP of RC structures, some pioneered publi-47 cations can be found (Covino et al. 2002; Bullard et al. 2009; 48 NCHRP Report 398 2009).
49
Zinc-Rich Paints: Application and Chemical
50
Composition 51 Zinc-rich paints (ZRPs) are widely used as an anticorrosion paint 52 on ferrous substrates, an alternative to hot-dip galvanizing (HDG), 53 an under coat or top coat, and also as a touch-up coat on galvanized 54 steel to provide corrosion protection of steel in moderately severe 55 environments and cathodic protection to steel substrates in corro-56 sive marine atmospheric environments (Morcillo et al. 1990; 57 Abreau et al. 1996; Hare 1998) . It is often quoted as cold galva-58 nizing. It has also been effectively used to protect steel structures 59 fully and/or partially immersed in sea water, e.g., the ship's hull, 60 offshore platforms, and jetties (Zhang 1996) . 61 The metallic zinc content in the dry film is a very important 62 parameter to be emphasized in the technical specifications of zinc-63 rich paints. However, as observed by Lindquist et al. (1985) , this 64 parameter is not the only factor determining the performance of this 65 kind of paint. For example, Fragata et al. (1987) , Amo and Giùdice 66 (1990) , and Pereira et al. (1990) verified that the chemical nature of 67 the binder and zinc particle size are also very important.
68
The zinc dust, which has a spherical or lamellar shape or a com-69 bination of both, is dispersed in an inorganic, usually orthosilicates, 70 or organic binder, usually epoxies (Wicks et al. 1994 is nobler than the zinc. Then, zinc can preferentially dissolve, acting
as a sacrificial pigment and allowing a cathodic protection of 77 the substrate. Many studies (Fleiu et al. 1989; Pereira et al. 1990 , 78 Armas et al. 1992 The prepared concrete substrates were then coated with the ZRP.
180
A total of four coats were applied by brush to achieve a dry film within 24 h after the final coat was allowed to dry and also after 189 allowing the dry paint film to age for a total 56 days, i.e., at the end 190 of the environmental durability testing described under Item 3.
191
The adhesion strength was determined using an adhesion tester 192 Elcometer 106/6, all in accordance with the procedure recom- 
221
The cubes were then placed in plastic trays. resistor across the rebars and the beta-probes (macrocorrosion cell).
239
The environmental chamber was set at 50°C, 90% RH, and then the Curing process (2 days after demolding specimens) Fully immersed in curing tank for 28 days and then allowed to dry in air before zinc coating The specimens were placed in a tank containing water so that face (Covino et al. 2002) . This is because of one common factor for 383 both TS zinc and ZRP that a solid and pure zinc layer formed on the 384 concrete substrate. When zinc is used as an anode for the CP sys-385 tem, either the galvanic mode or ICCP mode, the reaction steps are
At the cathode, i.e., rebar, the usual reaction is Fig. 7 . SEM photomicrograph of ZRP specimen decreased to zero (Covino et al. 2002) . 423 The data collected at the end of the durability testing in the envi- NACE 2007 (Covino et al. 2002) .
434
The results of the environmental testing given in Tables 7 and 8   435 were recorded at a 20°C temperature and 50% humidity, without the durability test, the adhesion strength of the ZRP concrete was anode. This suggests that the current throwability from the pri-538 mary anode connection extends at least up to 600 mm without 539 significant current attenuation and uniform current distribution. 
